The radiative processes associated with fluorophores and other radiating systems can be profoundly modified by their interaction with nanoplasmonic structures. Extreme electromagnetic environments can be created in plasmonic nanostructures or nanocavities, such as within the nanoscale gap region between two plasmonic nanoparticles, where the illuminating optical fields and the density of radiating modes are dramatically enhanced relative to vacuum. Unraveling the various mechanisms present in such coupled systems, and their impact on spontaneous emission and other radiative phenomena, however, requires a suitably reliable and precise means of tuning the plasmon resonance of the nanostructure while simultaneously preserving the electromagnetic characteristics of the enhancement region. Here, we achieve this control using a plasmonic platform consisting of colloidally synthesized nanocubes electromagnetically coupled to a metallic film. Each nanocube resembles a nanoscale patch antenna (or nanopatch) whose plasmon resonance can be changed independent of its local field enhancement. By varying the size of the nanopatch, we tune the plasmonic resonance by ∼200 nm, encompassing the excitation, absorption, and emission spectra corresponding to Cy5 fluorophores embedded within the gap region between nanopatch and film. By sweeping the plasmon resonance but keeping the field enhancements roughly fixed, we demonstrate fluorescence enhancements exceeding a factor of 30 000 with detector-limited enhancements of the spontaneous emission rate by a factor of 74. The experiments are supported by finite-element simulations that reveal design rules for optimized fluorescence enhancement or large Purcell factors.
T he next generation of optical processing and sensing technologies requires significant advances in the integration of quantum emitters, such as fluorescent molecules and quantum dots, into optical platforms. 1, 2 Plasmonic cavities and nanoantennas have proven to be particularly attractive candidates for modifying the excitation and decay rates of nearby emitters. 3−6 Following the pioneering work of Purcell, 7 the manipulation of spontaneous emission has found applications across a wide spectrum of modern technologies, including lasers, 8 bioimaging, 9 and modern displays. 10 In particular, emitters in close proximity to plasmonic nanostructures can have their rates of spontaneous decay increased by orders of magnitude. 11−13 The design of such systems for enhanced emission, however, is not straightforward due to the nonradiative decay channels introduced by the bare metal. 14−16 A variety of nanostructures have been shown to modify the relative radiative versus nonradiative decay rates of embedded emitters using plasmonic antennas and cavities; 3,6,17−22 for example, Kinkhabwala et al. have demonstrated single-molecule enhancement factors of 1340 from bowtie nanoantennas fabricated by electron-beam lithography. 5 However, bowtie and closely spaced nanoparticle structures, including filmcoupled spheres, have a fundamental limitation in that both field enhancement and resonance wavelength scale inversely with the gap size. Thus, previous experimental studies have been limited to broad plasmonic resonances that simultaneously overlap the emitter's excitation and emission spectra, 5 broad emitters, 6 or plasmonic cavities that are spectrally unmatched with the emitter. 20 By hybridizing optical patch antennas with fluorophores, we demonstrate enhancement of both absorption and spontaneous emission as a function of plasmon resonance. Using this tunable platform, we achieve fluorescence enhancement factors exceeding 30 000 of fluorophores coupled to nanopatches resonating close to the excitation wavelength and spontaneous emission rates increased by at least a factor of 74. Additionally, compared to electron-beam lithography, the colloidally synthesized nanopatch (Figure 1a ) is an inherently inexpensive and flexible plasmonic platform, ideal for both large-scale and tunable applications. 23 The nanopatch antennas consist of colloidally synthesized silver nanocubes deposited over a 50 nm thick silver film. The cubes and film are separated by an ∼5 nm self-assembled polyelectrolyte (PE) spacer layer, coated with a dilute layer of fluorophores (sulfo-cy5 carboxylic acid (Cy5), inset in Figure  1a ). The nanopatch naturally couples to a high density of radiative modes. It is important to note that while field enhancement has been exploited for many plasmonic particles and dimers, 5, 24, 25 the resonance in the nanopatch is fundamentally different. Figure 1b provides a schematic comparison of the nanopatch antenna properties with two well-known systems (the bowtie antenna and the film-coupled nanoparticle). Effective dipole orientation of the plasmonic modes can be inferred from field distribution and allows for a qualitative understanding of the far-field radiation properties. The bowtie antenna and plasmonic dimer (or film-coupled sphere) can both be described as the hybridization of plasmonic resonances that exist for each isolated element into symmetric and antisymmetric resonances with the latter capable of coupling energy between the highly confined gap and freespace. In such a system, excitation and radiation tend to follow that of an electric dipole, and spectral scaling is limited by the achievable gap sizes. As such, scaling the optical resonance of bowties and plasmonic dimers across as much as 200 nm is exceedingly difficult. 26 In the nanopatch, however, the region between the flat faces of the nanocube and the metal film introduces a gap-plasmon mode, which can propagate parallel to the film. Multiple reflections at the nanocube edges cause the gap-plasmon to undergo a Fabry−Perot-like resonance with electric field maxima at the edges, as shown in Figure 1b . These modes have two favorable properties; (i) their resonance wavelength can be controlled by varying either the nanocube size or the size of the gap; and (ii) the nanopatch couples to incident light predominantly through the magnetic field, making the coupling with external detectors significantly more efficient (see Figure 1b) .
To investigate fluorescence enhancements within the nanopatch system, 48 isolated nanopatches with side-lengths ranging from 50 to 100 nm were studied. Under white-light, dark-field illumination, the nanopatches are observed as bright, diffraction-limited point scatters with colors throughout the visible spectrum corresponding to their resonance wavelength ( Figure 2a ). The same region is later imaged with a scanning electron microscope (SEM) enabling the size and shape of each of the 48 nanopatches to be determined in addition to their resonance wavelength. To measure the cavity mode resonance wavelength (λ 0 ) of individual nanopatches an image plane pinhole aperture was used and the elastic scattering of the nanopatches was dispersed by a spectrometer and detected by a charge-coupled device (CCD) camera, as shown for two typical nanopatches in Figure 2b . Subsequently, the nanopatches were excited by a continuous wave HeNe laser (λ ex = 632.8 nm) and the fluorescence image (spectrally filtered by a 633 nm long pass filter) from the fluorophores was measured by another CCD camera. The fluorescence image, taken without a pinhole aperture, is then overlaid with the original color dark-field scattering image and related to the nanopatch resonance spectra. Fluorescence enhancement factors, averaged over different positions of fluorephores under a single cube, are calculated according to ⟨EF⟩ = (P np /P c )(A roi /A np ), where P np is the fluorescence intensity collected at far-field and integrated over a region of interest containing a single nanopatch; P c is the same quantity from a control sample consisting of glass, spacer layers, and Cy5; A roi = 8.163 μm 2 is the region of interest defined by an area of pixels on the camera; and A np is the physical cross-section of each individual nanopatch, as measured by SEM.
Even though all 48 nanopatches had a gap size of ∼8 nm, the measured fluorescence intensity ranged from near background levels to enhancements of more than 4 orders of magnitude. The fluorescence enhancement factors are shown as a function of resonance wavelength in Figure 2c . While the statistical variation in the measured enhancement factors can be attributed to the random distribution of fluorophores on the spacer layer, the enhancement factors show a strong correlation with the nanopatch resonance. In particular, the nanopatches with the largest averaged enhancement factors resonate close to the excitation wavelength, indicative of enhanced absorption in the embedded fluorophores. While the Purcell factor cannot be probed directly in the continuous wave regime, it is important to note that the sheer magnitude of fluorescence radiated by spectrally matched nanopatches implies that the fluorescence is not quenched by the proximity of the metal. To elucidate the intermediate steps in the observed fluorescence enhancement, and further differentiate the absorption enhancement and Purcell factor in the nanopatch system, we turn to finite-element simulations. From a theoretical perspective, we can approximate the fluorophore as a quasi-two level emitter in a complex environment. For weak optical excitation (no saturation) by a laser with wavelength λ ex , the rate of excitation is given by
where n⃗ p is the orientation unit-vector of the emitter, E ⃗ ex is the local exciting electric field, and the superscript "0" denotes the value for the control sample. The total rate of spontaneous decay is given by γ sp = γ r + γ nr , where γ r and γ nr are, respectively, the rates of radiative decay and nonradiative decay in which the latter includes the generation of surface and localized modes and thermal dissipation in the environment, among other nonradiative processes. 14−16 The Purcell factor is the total decay rate enhancement, γ sp /γ sp 0 . In a lossy environment, however, it is of practical importance to know how many photons are emitted in a radiative state (rather than nonradiative), thus it is more convenient to consider the radiative decay rate enhancement γ r /γ r 0 . 27 At steady state, the important parameter from an emission perspective is the probability that relaxation will yield a radiated photon, given by the quantum yield
While a large radiative enhancement is not directly responsible for large fluorescence enhancement, it is necessary to avoid quenching by the large nonradiative rates in typical plasmonic systems. Finally, in any given experiment we must also include a factor, η, that represents the probability that an emitted photon will reach the detector, that is, the collection efficiency. The total fluorescence enhancement factor is then given by 
where η is the collection efficiency, γ ex is the excitation rate, QY is the quantum yield, and the superscript "0" denotes the corresponding values for the control sample. Using finite-element simulations to probe eq 3 (COMSOL multiphysics), we demonstrate qualitative agreement in both trend and magnitude with the measured enhancement factors as a function of nanopatch resonance (dashed blue line in Figure 2c ). The resonances and excitation enhancement of the individual nanopatches were obtained in a manner similar to ref 23, using a spherical domain with absorbing boundaries to model the scattering from a nanocube over a silver film. To account for additional losses in the silver film due both to surface roughness and the formation of oxide layers, we increased the imaginary part of the permittivity by a factor of 1.75 to match the simulated full width at half-maxima in the elastic scattering to that obtained in experiment (Figure 2b) . To calculate the emissive properties, additional simulations were performed following the procedure outlined in ref 3 (see Supporting Information), modeling the Cy5 molecules as monochromatic point-dipoles (λ sp = 665 nm) located all along a grid in the gap between the nanocube and the spacer layer (Figure 3a ). The various rates for the excitation-matched nanopatch (l = 83.6 nm) are shown as a function of position in the gap (Figure 3b ). The local electric fields in the nanopatch are up to 2 orders of magnitude larger than the incident fields, such that the largest single-molecule enhancement factors occur in fluorophores located at the corners and edges. The high spatial variation in the various properties can potentially explain the variance found in the measured data of Figure 2c , because even small differences in the location and density of fluorophores under two identical cubes could drastically affect the observable quantities. Finally, assuming that the fluorophores are randomly distributed over the surface, the fluorescence enhancement factors were averaged over all orientations and locations under the cube and normalized by the same quantities obtained from simulations of the control sample.
The average simulated excitation, radiative, and nonradiative rates are shown in Figure 3c as a function of nanopatch resonance. In a lossless environment, γ nr , and thus the quantum yield, is determined by internal channels of decay. Extrapolating the internal decay rate of Cy5 from its in-solution quantum yield (∼20%), however, it becomes clear that the internal decay channel is simply too slow to significantly contribute in the proximity of the plasmonic resonance. 5 Instead, spontaneous decay in the nanopatch can be visualized as a two-step process. First, via the Purcell effect the excited fluorophore experiences an enhanced decay rate into one of the gap-plasmon modes of the nanopatch. From here, the gap-plasmons couple to radiative modes, are absorbed within the metal, or couple to surface modes. This second step is defined by the nanopatch geometry and is key in avoiding quenching. By comparison, fluorophores sufficiently close to a bare silver film experience increased decay rates into surface-plasmon modes, enhancing the spontaneous decay rate at resonance. 28 In the absence of nanostructures and defects, however, these surface modes do not radiate and contribute only to the nonradiative rate. This difference in the nanopatch, namely the subsequent coupling of gap-plasmons to radiative modes, explains why the quantum yield is not quenched, but instead stays in the range of 35−45%. This persists even in nanopatches resonating at the Cy5 peak emission, reaching theoretical average radiative decay enhancement of more than 4000. On the other hand, the largest field localization occurs at the nanopatch resonance, such that the rate of excitation, and thus ⟨EF⟩, is markedly enhanced for nanopatches resonating at λ ex . Finally, the simple directivity of the magnetically coupled nanopatch increases collection efficiency by roughly 1 order of magnitude when compared to a bare glass film. Taken together, these factors account for the giant enhancements of ∼30 000 in the measured fluorescence from nanopatches matched near the laser excitation wavelength.
We also probe the Purcell effect directly by measuring the spontaneous decay lifetimes (τ sp ). For these measurements, the fluorophores were excited using an 80 MHz Ti:sapphire laser with a frequency-doubled OPO output at 632 nm and detected using a fast timing avalanche photodiode (PDM, Micro Photon Device) and a time-correlated single-photon counting module (PicoHarp 300, Picoquant). The fluorescence lifetimes were measured from an ∼20 μm diameter surface area covered by a higher density (∼5%) of uniform nanopatches (λ 0 ∼ λ ex , Figure  4b ) and a lower density of fluorophores (1/25× original) as shown in Figure 4a . The measurement was repeated for a control sample consisting of glass, spacer layer, and Cy5, as well as another control sample consisting of silver film, spacer layer, and Cy5; both were without silver nanocubes. Lifetimes were obtained from fits to the data deconvolved with the instrument response function (IRF). 29 Compared to the control sample on glass (τ sp 0 = 2.54 ± 0.04 ns) we observed a significant shortening of the Cy5 lifetimes when deposited over the silver film (τ sp = 164 ± 7 ps). For Cy5 fluorophores on the nanopatch sample, a biexponential decay is observed with a fast decay component of τ sp = 33 ± 4 ps due to fluorophores coupled to the nanopatches, and a slower decay component of τ sp = 157 ± 5 ps attributed to uncoupled fluorophores on the silver film. The measured lifetimes of fluorophores coupled to nanopatches is close to the detector's IRF, thus providing only an upperbound on the lifetime. While such measurements could be improved upon, 30 even so we observe a 74-fold reduction in the fluorescence lifetime compared to the control sample on glass, demonstrating that the plasmonic-enhanced fluorescence in the nanopatch system is indeed accompanied by a significant enhancement in the spontaneous emission rate. While the Cy5 over the silver film also exhibited a shortened lifetime, it is important to note that the emission intensity was disproportionately weaker compared with the nanopatch sample, as expected from the quenching effect of metal films. To verify this, we measured the emission intensity from Cy5 fluorophores distributed over silver films with different thickness polyelectrolyte layers (see Supporting Information). As an illustrative example, for a layer thickness of 5 nm the fluorescence intensity was reduced by a factor of 20 compared with the glass slide, which is in complete contrast to the orders of magnitude enhancement when the nanopatches are included. Thus, by optimizing nanopatches to resonate at either a fluorophore's peak emission or excitation wavelength, this flexible platform can alternately optimize the Purcell or fluorescence enhancement factors.
While the fluorescence enhancement experiments purposefully used a nonuniform population of nanopatches, a surface of uniform and properly tuned nanopatch antennas can function as an ideal, large-area emitter. Also, the nanopatch platform is promising for biosensing and fluorescence imaging applications 9, 31 with the potential to enhance the performance of conventionally poor labels. Owing to the flexibility and excellent scaling properties of the colloidally synthesized nanopatches, it is likely that future studies will reveal even better geometries and materials, further paving the way toward inexpensive single-photon sources for quantum information applications. 1 Methods. The samples were fabricated by evaporation of Ag/Ge (50 nm/4 nm) films on glass slides followed by deposition of five layers of alternating poly(allylamine) hydrochloride (PAH) and polystyrenesulfonate (PSS). From ellipsometry measurements, the total thickness of these polyelectrolyte layers was found to be 5.0 ± 0.1 nm. Next, the samples were exposed to a 25 μM sulfo-Cy5 carboxylic acid derivative for 10 min, followed by deposition of silver nanocubes resulting in a surface coverage of ∼1%. Control samples were fabricated in a similar manner on bare glass substrates and on Ag/Ge films but without nanocubes. Silver nanocubes were chemically synthesized with minor modifications to previously published procedures, 23, 32 resulting in slightly rounded cubes and coated in a polyvinylpyrrolidone (PVP) layer with an estimated thickness of 1−3 nm. Additional details are provided in the Supporting Information.
An optical dark-field microscope with an extra long working distance objective (50×, 0.55NA 8.2 mm WD) was used for both scattering, fluorescence intensity, and lifetime measurements. Nanopatches were illuminated from ∼62°off-normal incidence using a multimode fiber for scattering measurements and a 632.8 nm continuous wave HeNe laser for fluorescence enhancement measurements. The signal from individual nanopatchs was isolated at the image plane by a pinhole aperture and directed to a spectrometer and CCD camera for scattering and fluorescence spectrum measurements. Fluorescence from both nanopatches and control samples were spectrally filtered by a long pass filter and imaged (without a pinhole aperture) for enhancement factor measurements. The enhancement factor of each nanopatch was calculated by comparing the intensity of the fluorescence from Cy5 fluorophores under a single nanocube with the fluorescence from an equivalent area on the glass control sample. Both numbers were corrected for background fluorescence (due to the pinhole size being larger than the size of the nanocube), camera read noise, and exposure length.
■ ASSOCIATED CONTENT * S Supporting Information
Description of the theoretical modeling, sample fabrication, and experimental procedures. This material is available free of charge via the Internet at http://pubs.acs.org. The nanopatches were modeled using a commercial finite-element simulation package (COMSOL multiphysics). A spherical domain was created around an isolated nanopatch, using scattering boundary conditions to simulate an open boundary (Fig. S1 ). The edges of the nanocubes were smoothed, with a radius of curvature of 10 nm, while the cubes themselves were embedded in a 3 nm insulating shell and placed over a 5.1 nm spacer layer, with a 0.5 nm air gap between them to allow space for the fluorophore. The shell and spacer layer were modeled as dielectrics with index of refraction n = 1.40, the glass with n = 1.47, and the silver cubes and film from Ref. [1] . To calculate the excitation and elastic scattering of the nanopatch, a scattered-field formulation was used, in which the background field was specified using the analytical solution for an incident plane wave in the absence of the nanocube. The physical field was then defined as the sum of the background and scattered fields.
The same simulation domain was used for calculating the emissive properties, modeling the fluorophore as a monochromatic point-dipole (λ sp = 665 nm) whose location was varied on a discrete (10 × 10) grid beneath the nanocube. The four-fold symmetry of the nanopatch was used to reduce the necessary number of simulations. The system's Dyadic Green's function evaluated at the point-dipole, from which the local density of states and spontaneous decay rate can be derived [2] , was found by probing the field reacting on the point-dipole, where p is the dipole moment and E sp is the electric field at the dipole. At the same time, the powers radiated out of the entire domain, P r , and through a small aperture in the outer boundary directly above the cube, P ap , were recorded. No assumptions were made on the polarization of the outgoing waves.
For both excitation and emission, the previous simulations were repeated in the absence of the nanocubes and the silver film, that is, for point-dipoles over a 5.1 nm spacer layer, over glass. Both TE and TM polarizations were employed and the results summed to consider an unpolarized incident wave. In addition, separate simulations were performed for fluorophores oriented along all three cartesian coordinates. The enhancement factors were thus obtained by summing the product of the square of the excitating fields and the emission yield for all three orientations in the nanopatch, and dividing by the same quantity in the control sample. However, to reduce the necessary simulations, the fluorophore orientations transverse to the surface were assumed negligible in the nanopatch compared to the normal orientation, such that the enhancement factors were calculated according to
where r is the location of the point-dipole beneath the cube. The averaged enhancement factors, < EF >, were found by averaging the spatially varying enhancement factor over the entire grid.
Sample Fabrication 50nm/4nm Ag/Ge films were evaporated onto clean glass slides (Schott, Nexterion glass B) using a Kurt Lesker PVD 75 Electron Beam/Thermal Evaporator at rates of 2 Angstroms per second (Å/s) and 0.5Å/s respectively. The silver films were always used on the same day they were fabricated to limit oxidation. The spacer layer was deposited by alternately submerging the slides in 3 mM poly(allylamine) hydrochloride (PAH) for 5 min. and in 3 mM polystyrene sulfonate (PSS) for 5 min. The samples were rinsed with ultra-pure water and 1 M NaCl between layers. The spacer layer both began and terminated with PAH to facilitate Cy5 and silver nanocube binding. After the final PAH layer, the samples were rinsed with ultra-pure water and dried under nitrogen gas. The total thickness of the polyelectrolyte (PE) layers was measured to be 5.0±0.1 nm in air using an A. Woollam Co., Inc., M-88 spectroscopic ellipsometer at incidence angles of 65
• , 70
• , and 75
• . After ellipsometry measurements, the surface of the slides was exposed to 100 µL of a 25 µM sulfo-cy5 carboxylic acid (Cy5) derivative for 10 minutes. Control samples were produced by the same process and included two types: 1) a glass slide with Ag film and Cy5 coated spacer layer which was used for correcting the background and 2) a glass slide with only a Cy5 coated spacer layer which was used for determining the enhancement factors. Both types of control samples had no nanocube deposition.
Silver nanocubes were chemically synthesized with minor modifications to previously published procedures [3, 4] . 1.3 mM NaSH was used instead of 3 mM in the orginal works and 2.5 hrs. of incubation, resulting in slightly rounded silver cubes (radius of curvature ∼10 nm) coated in a polyvinylpyrrolidone (PVP) layer with an estimated thickness of 1-3 nm. Scanning electron microscopy (SEM) was used to characterize the shape and size distribution of the nanocubes. For nanocube deposition, the samples were exposed to 50 µL of a dilute nanocube solution (10 µL nanocube solution in 1000 µL ultra-pure water) for ∼1 min. This resulted in a disperse nanocube coverage of <1% on the surface of the Cy5 coated spacer layer enabling individual nanopatches to be identified and measured.
Experimental Procedures
An optical dark-field microscope was used for both scattering and fluorescence intensity measurements [5] [6] [7] . The nanopatches were excited at ∼62
• off-normal incidence using a multimode fiber (for white light illumination, 75 W Xenon) and by lasers (for fluorescence excitation) and the signal was collected through an extra long working distance objective (Nikon BF/DF 50x ELWD0.55 NA, 8.2mm WD). To enable later relocation of individual nanopatches by optical microscope and SEM, the silver film was scratched with a diamond scribe. Under white light illumination, a color dark-field scattering image was obtained with a Nikon D90 digital camera, and individual nanopatches were numbered. The scattering from each nanopatch was isolated in the image plane by use of a pin-hole aperture in a trinocular mount, and directed to a spectrometer (Acton 2300i) and chargecoupled device (CCD) camera (Photometrics CoolSnap HQ). The nanopatch resonant wavelength was extracted by calculating the centroid of the scattering resonance peak [8] . For excitation by a 632.8 nm continuous wave HeNe laser (∼500 µm diameter spot size), fluorescence emission was passed through a 633 nm long pass filter (Semrock RazorEdge) before either being imaged by a black and white CCD camera (Photometrics Coolsnap ES), or passed through the image plane pin-hole and directed to the spectrometer for fluorescence spectra measurements. Fluorescence from the control samples was imaged immediately after under the same conditions. Finally, the nanopatches were imaged by SEM, specifically to determine the dimensions of the 48 individual nanocubes numbered earlier. The nanopatch enhancement factors were calculated by integrating the intensity of the fluorescence over a region of interest of 22x22 pixels on the CCD camera (with an area of 8.163 µm 2 ) containing a single nanocube, and normalizing by an equivalent area on the control sample, scaled to the dimensions of the nanocube. We note that the region of interest 8.163 µm 2 is larger than the cube's size and thus a large fraction of fluorophores not coupled to the nanopatch also contribute to the integrated fluorescence intensity as they are not completely quenched (Fig. S2) . We therefore corrected both integrated intensities for background fluorescence, camera read noise, exposure length, and nonuniformity of the HeNe laser spot intensity. For the sample with Cy5 over a silver film with a ∼ 5.0 nm spacer layer (no nanocubes), the integrated fluorescence was reduced by a factor of 20 compared to Cy5 over glass (Fig.  S2) .
Similar procedures were used in the ensemble lifetime measurements. However, the sample was exposed to the undiluted nanocube solution for ∼1 min. resulting in a surface coverage of ∼5%. A lower Cy5 concentration of 1 µM Cy5 was used to reduce the density of fluorophores to obtain a single-exponential decay on the control sample (Cy5 coated spacer layer on glass). The Cy5 fluorophores were excited using an 80 MHz Ti:Sapphire laser with a frequency-doubled OPO output at 632 nm (Coherent Chameleon Ultra II and OPO, ∼200 fs pulse length) and the fluorescence was spectrally filtered by a 647 nm long pass filter (Semrock Razor Edge), collected through an image plane pin-hole aperture and directed to an avalanche photodiode (APD) for detection. A time-correlated single-photon counting analyzer (Pico- Harp 300, Picoquant) with a time bin of 4 ps was used to analyze the photon statistics. For the lifetime measurements of fluorophores coupled to nanopatches, an incident laser power of 20 µW and integration time of 74 seconds were used. The same measurements were performed for the two control samples but very low signal was detected by the APD. We therefore used a higher laser power of 280 µW and longer integration times of 600 and 700 seconds, respectively, for control samples of Cy5 coated spacer layer on silver and Cy5 coated spacer layer on glass (both without nanocubes) in order to achieve good signal to noise.
